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DIGITAL REFLECTION INTERNET 

Method for Digital Signal (combined with Electrical Power) Transmission and Distribution 

^et^dn^ f f ° r SpeCd ^ transmission and distribution The 

s^niprmc pally su.ts electromagnet waves in electrical transmission lines (e g Copper Coax. 

SS? S aPPUCabIe 10 0pticaI (fibre °P tic ) communications A?inSon 

States transmit and routing electrical power (DC or AC) on the same cabl^ (fo^r mode) 

The system is entirely general purpose and can be applied anywhere digital signals are used The 
mvt^ Tr*™ t0 ° nUmeiOUS to menti ° n ' a few —Pi- are.- CoaiS^SSL 
~<i^^^^ PC Office network), Internment peri^ and 

■1*1015 ( c.g. winters, Plotters), Digitising sensors (Temperature, fbree sensors). 

r^S,el™ ° f " K prob ' OT,!i " Kmmaai " "* ^ •«**■. 

- Problems of High speed Clock distribution 

* Si 3 " 11 . COm f ,h J^ on m addressing individual components on a distributed bus 

- Complication involved m routing digital transmissions between destinations 

- Problems of spurious reflected waves on transmission lines 

- Complexity and expense of implementing error detection and correction 

- Cable attenuation of fast electrical signals on long runs (has adaptive speed) 

The invention uses circuitry to induce reflections (stop signal propagation) in a controlled wav to 
achieve two-way (bidirectional) digital communication between £for more physSlyteZ^i 
but electrically or optically interconnected units. pnysicaiiy separated 

The system is capable of implementing many architectural schemes for network topology but for 

of examples the descriptions here will focus on the common situations where^e^Sr" unit 
can communicated with one or many 'Slave' devices and on a Interconnected net^orrflnteSet) 
Rearrangement. Most of * terminology used relates to Network jargon, S for each tent 
there exists a matching term for computer backplane (multi-bit buses) 

"!^" Venti0naI a PP, r< * ch to implementing a Master / Slave system is well known and involves 
de^ignaung a unique 'address' (or address ranges) or 'serial number" to each device attach** > L 

f^utTtf^ f0rmatted eithCT m tme ne twork) or into a binary multiwire bus 

t7^f^T\^ t0 J^ e ^^ SCheme - AH attached nodes revive the same 
packet of data but only die node with the matching address code will respond. The response 
could be to accept some digital data from the Master or send out some digital data to me mSer 

tZ^2 „ By SCqUencing * e ^-ses of the atS 

as d^ntin^T T ( ^ "* a for the total system 

as detemuned by software. The mam problem with such an addressing scheme is that unique 
addresses need to be embedded in devices and that any device wishing to attach and participate in a 
network needs to be aware of the address of the nodes to which it *5 operate with ****** m * 
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In recent years, in large systems (such as office computer networks) there has been a move away 
from multipoint 'tap-in' "Ring topology" networks systems in fevour of Point-Point "Star" data 
links with Tiubs' and 'repeaters 1 to route and amplify signals. The reason for this is that at the 
higher and higher data rates required for modern computers normally produce too many spurious 
signal reflections on the transmission line medium at high speeds. This is to the annoyance of 
many small network operators where the convenience of a 'tap in 1 to a "Ring" topology offered an 
easy way to expand a network without the need to add more wiring or buy expensive intelligent 
hubs and repeaters. 

General o bservations on Transmission line phenomenon 

Transmission lines will propagate electromagnetic waves with a characteristic speed (some fraction 
of the speed of light) and with a characteristic wave impedance (X ohms) and that this energy will 
propagate free of reflections only when the transmission line has uniform impedance and is infinite 
or else terminated in a resistance equivalent to the characteristic impedance (refer to Figure 1) 

Whenever an electrical transmission line is improperly terminated (that is with an impedance higher 
or lower than it's characteristic impedance) some portion of the incident wave energy will not be 
absorbed and must therefore be reflected back in the opposite direction on the cable. This is well 
known in RF engineering and a figure of VSWR (Voltage to Standing Wave Ratio) is often applied 
to give an indication of the mismatch. Optical systems are also subject to reflections caused by a 
change in wave impedance for these systems it is usual to speak in terms of Refractive Index rather 
than wave impedance 

The two theoretical extremes of mismatch are (1) a short circuit termination [Zero resistance] (2) 
an open circuit termination [infinite resistance]. Both of these cases are approximated (relative to 
typical transmission line impedences) in real situations. 

Referring to the diagrams (and assuming loss free perfect cables), 

An Open Circuit transmission line's response to a transmitted wave is shown first. During 
propagation, the signal in the cable stays at the level as was shown at the entry to the cable. When 
the wave reaches the end of the transmission line however, the voltage detected by an oscilloscope 
would show a pulse of twice the magnitude as was measured at the coax entry point. This is 
because what is being measured is the incident wave arriving at the end of the coax (normal 
magnitude) plus the reflected wave voltage of similar magnitude - the wave front has nowhere to go 
so the stored electromagnetic energy in the incident wave ramps the voltage up the additional 
amount on top of the instantaneous voltage of the incident wave - if the incident wave voltage could 
somehow be removed from the reading it would be clear that the reflected wave was the same wave 
as arrived, same magnitude and same phase. 

A short circuit transmission line response is shown below. With the same wave put into the cable, 
transmission proceeds as normal (wavefront driving the characteristic impedance of the cable) until 
the leading edge of the wave meets the short circuit. An oscilloscope probe will obviously see no 
signal on the short circuited line but the incident wave does produce a current (e.g. by ohms law a 
50 ohm line with a 5volt signal will produce a 100mA current through the short circuit path). 
Doing the logic in reverse, the current produced by the short circuit of the incident wave is exactly 
the right value when multiplied by the characteristic impedance to produce a voltage wave which 
cancels the incident wave voltage - this effectively what is happening with the electromagnetic 
energy in the cable. This 'cancellation' wavefront doesnt stay at the short circuit but moves with 






back towards the transmitter end of the cable like any conventional signal. Actually, if the system 
was observed beginning from the time when all the incident pulse had been fully reflected (no trace 
of it left anywhere on the cable), it would appear that a pulse was being sent by the reflection end 
toward the transmission end. 

The fundamental difference between the Open Circuit and Short Circuit reflection is that in the first 
case, the returned sig n al is In-Phase reproduction of the incident signal whereas in the second case 
the returned signal is an Inverted (Anti-phase) copy of the incident waveform. This well known 
effect is one of the basis for the invention. 



Description of Invention bv way of an example embodiments 
[Continuing with the example of a Copper cable and Master / Slave] 

BASIC SYSTEM (Single Master, Multiple slaves) See FIG 3 

- The Master unit is the source and destination in all data transfers 

- Data transfers take place via electrical pulses through Coax or twisted pair transmission medium 
[could be optical pulses on fibre optic medium] 

- System does not require addresses or serial numbers for unique addressing of each item on the 
bus. 

- All critical timing functions (as affect performance) are performed by the Master electronics. 

- Nodes are connected in series. [ Sometimes called a "Ring" or "Daisy Chain" topology] 

- DC electrical power (or low frequency AC) is furnished along with the two-way data transfer 
medium. 

Master- 
Component parts:- 

- Programmable clock bit rate (3x rate clock) 

- Serial Data output 

- Serial Data input 

- Output terminating resistor (Same resistance as characteristic impedance as Coax) 

- Virtual "Hybrid" network. 

- "Three level" output data pulse generation and reception + Pulse Quality checker 

The actual electronic circuits in the logic blocks can be can be implemented with conventional well 
known integrated IC techniques. 

Virtual "Hybrid" network. 

This performs the same operation as the Transformer Hybrid coupler in the early telephone sets i.e. 
4 wire to 2 wire conversion. As applied here it is able to separate the Master output waveform 
(Transmitted data) from the reflection signals coming back to the Master from the reflective nodes. 
Operation:- 

- The differential amplifier gives an output corresponding to the difference in voltage between its 
inputs. Without any reflections arriving back at the coax, the voltage divider effect between R and 
the coax impedance produces a 2: 1 voltage division. Rl and R2 are equal value and also produce 
a the same 2:1 voltage division. So, with no reflections arriving, the differential amplifier sees the 




SEE of ^ *• — « « ~ 

Signalling Method 

binarv iLicM w diagram showing symmetrical "sine like" shape A 

b^dtfth Kr^eS^r I PU,Se fi ^ +Ve *» ^ A ^ V - «*" 

interpret tL nuke TW ^ , ^ Pen0d " mSerted ^ P ulse to ^ for time to 
mterpret the pulse. These pulses are later referred to as waves or wave pulses in the following 

"Three level" output data pulse generation SEE FIG 5 

preferred method of signalling is with a three level system. This is inherently less fast than a 
NRZ (non return to zero) binary code (which could however be used) but offeL aXa^Tof 

- TS^tl^K^ drCUit 5 ° peratCS ° n ^ventional two-level binary logic. 

The tinrd state when encountered on the transmission medium shall be termed a ' W oeriod in 
Ae no es winch follow^ It represents an absence of signal and in this senslTwIu betsedto 

in the integrity of the data pulse (on a pulse by pulse basis). 
Pulse Quality checker - SEE FIG 4 

This system can detect errors in each single bit of data transferred with very good dependability. 

^X^lZZt™? 6 0fAe SamC ^ ^ sha P e 35 transmitted (see later) For 

rteivXL°t5 id ° ° 1 t0 ^—P^-^-ce of checks is performed to elre that the cL 

For binary '0' and T the following tests must pass - 

de^S fram^Hrf ^ 7* * by * pedod of ^ < at least ***** This will 

SeSnTT 8 "? ^ n01SC ° n Ae lkes Preventing a stable zero reference 

wflhTL^ rZ r T "T ** ? CCed Cither +Ve ° r - Ve tta « Wd - ™ s together 



^tf^tSSS ° n ^ ^ ° PPOSite a time period 

J Y ^ Master unrt. This prevents a single glitch of noise from being interpreted as data since it 
» very unlikely that a noise pulse could be first +Ve then -Ve during rh1 tJ^JZ£££Z ft 
being of very similar frequency and double amplitude to cancel any valid signaT 

Je^ toL of W ,S ^ det£Cted *" UV ° P° ,arities ofP^es as mentioned above, the 
integrated total of +Ve and -Ve currents must balance within a fixed percentage This test is 

SaXl Colfectrr^lw^ M ° Ck ^ ^ d * S a t^storwith 

capacmve Collector-Base feedback). Any unipolar noise pulse occurring during the sample time 

"TT ^ 3 DCt n0n " 2er0 OU * Ut whereas * P-e relect^o^e^meSL 
(wave-shaped) output data stream will give close to zero amount of imbalance. [excepTZSrL 

ver^rt? nSmiSS,0n Tf OUS refleCdons see later °° R ^on rejection memor^ » <£± 

^e S^r^T 1* VV r f ° mi 1 A dl0de ^ clam P P^-s an ^versTlog re ponTe to 
cope with wide range of returned signal strengths. 

The above tests give an error output for the following conditions - 

- receive signal too weak 

- common mode noise voltage detected 

Note that fixed threshold levels are shown. It might be advantageous to employ DAC converters to 

nZTj^l » to ***** comZication Jh7 wide ra^c? 10 

round-trip signal attenuation levels. Also not shown but possible is to apply DAC adjustable 
response tune control of die receive comparators and amplifiers to reject HP noSe wht o^ng 
at low data rates (as might be required for reliable communication whh distant nodes) AdiuSt 

curTnt.T^T * **** by ° AC of * e "ias currents in these compoL^Cr 

currents giving fester response with fixed parasitic or added capacitances. 

The gap period must persist for a given amount of time before the previous data is accepted This 
way noise will be detected at the gap time accepted, this 

Gap /Strobe / Reset 

The "quiet" or gap period on the bus can have meanings assigned to it depending on how long it 
teste. The gap is detected when the Three state level detector comparators signJthat the v5£l is 
within a certain range of zero AC volts. voiiage is 

- A gap of more than a certain length of time can be interpreted as a Strobe pulse 
-Gap much more than the strobe time threshold can be interpreted as Reset time 
(More descriptions of these conditions will be given later) 

Data rat e establishment 

" tl^Z ^ S tb f? ) mn "IT" 5 '" 41 maX ™ **» rate liable to the nodes and cabling 
tTTZ^u ° fchan ^ *"* rates on a b« by bit basis by changing the clock divider 

send SS^rt iS? ° Pe ?? 8 K SPeed i 3 °" e " time ^^tion sequence Master can for each node 
send data at higher and higher speed until cable attenuation (a variable depending on distance and 

utLt wTrnrre^ " ^ ' *** to 

mcreases wrth frequency] Master then m future always operates nodes at less than this data rate 

SS^J* " ^ - bl -S « inserted between nodes or conversely if sectionTof 

network cable are upgraded to higher quality media. 



Slave node (basic):- (FIG 6) 

^iTs^ ^ ^ ^ refleCt " Sh ° rt CirCuit ° r <*« Ci ™* with the 

c^dl^i^r ^° wl ^™f fa y *» «do of the data. The quality detector at the Master 
can determine if the echo signal had been corrupted. It is very difficult for any external noise 
source to corrupt a reflected '0' into a T and pass the quality tests 

Since the Master is the source of all waveforms and the nodes are only required to reflect these 
pulses, the wave shaping on the master output pulses is also present on the muiiiS^ 



Component parts 

- Transformer 

- Three level logic detection 

- Short circuit reflector / Detector #1 

- Short circuit reflector #2 

- Current source transistor 



Transformer FIG 7 FIG 8 

-This is a wideband pulse transformer. Preferred construction would be as an inverting 
SZSEt t T Sfonn ^ made from <^r coax or twisted pair wound around ah^i 
fehT^ ^ d - m ^S^^Aese are well known. Another alternative would be to 
SS^f^EF t f anSm,SSlon ^ transformer on a PCB and use Planar magnetic cores 
(available from Phillips) to magnetically link the circuits 

- Use of transmission line transformer allows good DC path with low parasitic elements 
tESS^ST^ efifeCtiVeIy " PaCit£mCe ** l£akage "ecome 

i^?™!, r jr *° ^ be ^ged to perform impedance conversion and 

2££2i ? T uT 71118 would be ™*a for converting the signalling 

medium between Coax (unbalanced) and Twisted pair (balanced) cabling systems 8 

faherent inversion of the through data (both ways) need not cause a problem because the Master 
can easily invert all it's output data for alternate nodes it talks to. Sunilarly, the receive datTw^l 
ahernate in sense for odd and even numbered nodes and this too can be inverted in so not 
actually required when compared to sense of wave transmitted - see later notes). 

(Semiconductor options) FIG9 

NOTE:- a transformer is not the only conceivable method of linking two RF ports with either High 
or low impedance RF path. A power Mosfet or NPN switch or other type of sermconductor or 
de^o^etic(e.g. relay) could be used to achieve this purpose. Systems which don't need a 
OC / if AC electrical supply (e.g. where supply is already available) an entirely monolithic 
£ST o? m °^ * T"! * USmg PchanneI or Nchannel mosfets « switches to connect or 
relttT^ H 0r !, ° m to mdUCC ' ,0pen circuit " reflections or Through connection when 

required. Standard means of charge injection cancellation would limit spurious signals created 
during switching. Large size (power mosfets) devices could be used to allow good DC conduction 



Short circuit reflector / Detector FIG 1 0 

"I5l^ Ck di38 ? m f owsan **log» S switch element with a series resistor. Actually the 

S^*^ 18 ° ff ' WN emitter fo,Iower CTR1) is turned off. The base is reverse 

biased and the ermtter current sink transistor (TR2) is also turned off by Ov on the bieYme Tne 
enutter circuit plus collector TR2 represents a very high resistance in parallel with so^eTmaU 
^IbjTsS:? ? + ? OUnd , ^^"^ a — b - Point and fs typ >10KonmT ^ 
WhL tttlr ^ u monoIithic d ^i«=es to the + 2.6v mentioned below) 

When the RF swrtch ,s off, AC signals coupling via Ccupl experience very litde attenuation or 
reflection since Rbias is a high resistance and TR1 emitter is reversed bialed. In thToff ^ondSon 
The switch can handle signals of 5 volt peak-peak before TR1 emitter becomes forward 

i^T^T V ^ ^ SWltCh 000001 Ime to +2.6v. This very quickly turns on TR1 
and shghtly later, the current sink pair TR3.TR2. With correct timing is possfbkTeSure that 

^ ,S ^ ¥ e cta « e 111 vo,ta 8 e at s emitter (and merefores^ous output kto^cT 
because the utomate enutter voltage is also 2volt ( 2.6v-Vbe (typ 0.6v) = 2v) fa *e Ton 
^on,me ermtter current of a bipolar transistor gives an effective output resistance of 25 / Ic 

Shn^ I * 5m t IC ^ iS low relative to Zsource to produce strong 

Short circuit' reflections of waves appearing at Zsource. 8 

The switch is turned on or off only during the Gap time (see later) to limit spurious signal injection. 

S^J^ m J Rl ' S "H*** s °** an analogue of the Master signal (which appears as a 
f ° f e ! ^ 18 available for the node to be able to receive the masteT data even 
when the wave is to be 'Short-circuit reflected' [ the RF voltage Zsource and the Emitter are ^ro] 

Short circuit reflector on Transformer mid-point 

th™ 5 ? w * SlmiIar t0 previous des «° b * because the on/off times are not critical for 
tius swttch as will become evident later) a simple saturated NPN switch could be empto^ ™° 
switch would conveniently pass DC current as might be required for Node / Actuator power. 

Three level detection 

d a iT, , ^ aSiC ,??u leV !l 1 de ! eCti0n SChCme ^ im P' emented for Ae node. This is because all 
data pulses sent to the node during communication are reflected (in one way or another) back to the 
n^ster where they can be tested for noise pickup (Quality checking). A simplifying, reLnabte 

ri S TcurtvTfr°L ,S **? ^ ^ haS been -aintauiedlt the one-Jay 

puke quality to tiie node can be taken acceptable. On this basis, the simplest node needs no 

Sd^Sg^c) ° n COrreCd ° n ,0gic fr'" 8 k doesn,t c, <** generation nor 

Current source transistor 

'frn^TH* **f T n F MOSfet f Bip ° lar ^ be used to extract some operating current 

from the bus and stoll present a high AC impedance to signals on the bus. [This rrught also be 
incorporated into the Centre-tap transformer RF reflection switch as mentioned before ] 




OR 

Inductor 



~ZZ P ° Wer l6VdS RF mdUCt ° r Can be used to e ^ct significant DC current for powerins 
local electronics jor actuators and still present a high AC impedance. Low frequency AcTwe^fs 

£taE^S T1- " *" " ^ b /!? W 46 n0mial frequencies 2d1o is 

isolated by the small coupling capacitors of the signalling circuits. 



Operatin g princip le of n<vfe 



mt^Re^T' ° n) M f te ^ 0ut P 1 ut is me (GaP ^te). Assume this has persisted for longer 
than a Reset time period and so all nodes have been reset. ^ 



- Reset state primes all nodes for being addressable 
[Refer to FIG6] 



reflector (RF switch #1) switched on to produce an Anti-Phase reflection 

- Master sends a wave to the node. For now it doesnt matter what the binary state of the Output 
wTbe^ ^ ^ WEVe ™ Propagates back towirTthe maSe/wS 

P1 ±^ UD "?8 the pseudo-hybrid arrangement which separates the reflected wave torn the 
outgoing transmitted waves which may be emitted continuously 

- Master can then continue now to send and receive data with the node at full duplex (see below) 
Signalling Method continued 



- Node receives a pulse either via the Sample point #1 or from Sample point #2 (Refer to FIG10 
showing the preferred NPN RF reflector switch / detector circuit) Sample point #1 2S£i5£ 
Ae node is set to Anti-phase (Short circuit) reflect a wave since tie RF switch woula be ™ ZSng 
s J^In^^ frT bIe ° D POint #2 ' Sam P le P° mt * 2 is used whenl^Tfs 

- S ignalling of data from Ae node back to the Master consists of turning on using the Antiphase 

efS JSaf* ^ #1 f ° r 3 ^ l0gic '°' To send » »de is"* to 

swS ST™ ^ C T lt} refl , eCd0n - ™ S iS aChieved * ^ WF switch #1 and RF 
switch #2 open circuit. An incident wave pulse from the Master appears at the node but the series 

wtST . ^ eband tranS S nner (n ° W ^ 35 - ***** - be seen from me 

ZSf } PTSS T 3 ^ 1111156(131106 10 ^ ^ so m * - W » coupled 

through to the other port and on to other nodes [ inductor current cannot instantaneously cteLe 

For eler^t ?H f*" ^ "fT* ^ ^ ^ frequency 

H 52^ "f"^ by Nod6 USing me three-level detector to extract data (and a 
^e refleSo/ If *"* f "J™** ^ SyStem Can °P erate m a ^P'ex ™Ie. 

s^tch att.ro h 68 ° y Chan86d ° Ver during me *** W time ° f faster pulses are so 
switch at zero vokage minimising spunous signal injection. It must be pointed out mat always the 

S**^ ° Pen CiFCUit ° r Sh ° rt CiTCuit "« changeoveronly occurs duringSe 
SSl ' expenence ver y litt le if any signals - they are reflectively 

to^H ^^TVT 5 **? iS reC6ived 311(1 Shifted **> me node > the next bit of node data 
to send back is clocked out of the Nodes shift register. 



J£?ZZ££ ^r^ 5 *? 6 ^ b3Ck ** * S6nt Evei * * sen * °»t to the active 

Srl^T ft^ Ch6Ckm ? ^ ^ ofthe ^ved pulse as compared 

o^lev^t^> ?\T C ^ ^ * ^ ^nutted the master is able to determine the 

nh^J^, Ch * C DOde ^ SendiD 8- P° larit y is same then node did an In- 

tZ^TuZ^- T mt l? SeDdmg a ^ * P ol ^ty is revered by the 
reflection (Short circuit Anti-Phase) then the node had sent a logic 0) 

lEHS^u 1 fim ? mCntally ^ Same P" 1 * 5 used to transmit and receive the data, the quality 

^S^a^TT ^ SigDa,S C ° nfinm ±e absenC£ of ^seon the roiuld-trip 

signal giving good indication of data integrity both ways. 

Inherent Addressing mechanism 

ab !I C ' ^ 6V f a node is reflections to send back all data pulse waves back 
to the Master, nodes further down the line cannot see any signal. 

^ atWC ™ y *■* t 1311 ^ J? ^P'ete with a node (Arbitrary long), a special Strobe gap is 
inserted in the output stream of the master:- WB 

S/roAe (Sfcor/ Gap, typ 500nS) 

Strobe arises by detection of a communication gap from the master of greater than a certain time 
This makes ^communication with the currently addressed node end. After detecting this strobe 
condition, the node simply doesnt reflect any more signals (Turns RF switch#l off and RF #2 on) 

The effect of RF switchtfl off and RF #2 on after strobe is detected makes the Wideband 
transformer act as true 1:1 inverting transformer and solidly couple the input and output RF ports 

rr^ST' 11115 ^P^ because the common point ofthe windings is switched^ 
AC ground by RF reflector switch #2. This has the effect of coupling input RFoLrgy ™J* 
between wmd^ terminal (1) and AC Ground(2) (energy from input port) via transferer Son to 
die output of RF coax wmdmg terminal (4)). The transformer is inherently bi^lirectionalld so 

SltuS S r 81natmS * * ^ P ° rt ^ t0 ** ,6ft haad °°« P° rt when 

™^M # l tUming OT ? ere , f ° re C ° nnectS *■ P orts ^ coax cables) together for RF energy 

SS.^hST 8 S!S? P 56 ^ P3SS by a node Wth °n o«to the next node bL 

chain. Similarly, reflected energy from nodes past this 'switched out' node passes through back to 
*e master. The inverting nature ofthe Transformer action causes a 180 degSSrevSal 
cTa oSmt ^r^^ ° fWaVefonnS for «* node placed in a Lin" This need not 

L^!^ SWit fi 2 f Uld bC 3 SatUratCd ■ witeUl W elemei * of low resistance (NPN transistor) 
to also act as a path for the mam DC current supply for the node. Switching spid is not of rhe 
essence as ,t only needs to be switched on or off once per addressing cycle. In the non-saturated 
condition ( constant current condition ) it acts as a path for DC current but as high impedance for 
energy if the transistor has low collector capacitance ] 

l F v^ T*** d ^ &i ™ By ,CtS MaSter quickly pass t" 00 * a11 ^ "odes on the list to 
move to the one which ,t wishes to talk to. To do this, as it moves through the nodes it would 



& 



Once a node has been de-addressed by an Strobe detect it u„„ 

until a Reset detect (mentioned later) le aZTe ^ reflect ° r 

Reset detect (Long gap ftyp 2uS] ) 

Broadcast addressing mechanism 
^ctfaS^ 

could stifl be enabled to received daTonl^o^ Pe " 0d - ™* a T 
Nodes „ot intended u, receive .he broadcast d*a would be addressed with a V data pulse wave. 



Eventually the Master pulses the node selection right trough to a final passive terminator then 
begins to send the broadcast data. 

System operates in half duplex since none of the nodes addressed for broadcast try to talk back. 

All nodes which were addressed with a T will receive and clock through the data. 

Nodes must be intelligent enough to know if they are on Odd or Even so they know to invert the 

Thn* > level I system allows for muMspeed operation because overly fast data transmitted to a node 
with slow AC response automatically is attenuated below the receive threshold. Attenuation bv 
cabling also prevents low speed nodes from ever seeing high speed data at the ends of the line . 

DC (or low frequency AC) power distribution 

TtiZlSlZf *! TS dia8nU ? S * 0W " a 800d DC cmat P 3 * ns* throughout the network. 
This path begins at the Master end and passes through the transformer windings Current is 
returned through the braid of a Coax cable (or other conductor for twisted pair or Microstrip). 

Internet node:- FIG13 

The Internet' node is a simple deviation from the slave node but is especially suited for 
combination with Routers (described later) to form a Interconnected network (Internet) of any 
particular structure. Internet structures are known for their biult in redundancy 

The Internet node differs from a Slave node in that it can be accessed by a higher level device (e g 
a Master device) from either port. To achieve this it incorporates three RF reflector switches 
instead of two and some additional logic. 

When the device is in communication with a Master unit from one side, the other side is effectively 
locked out because when in communication, the node is configured for constant reflection to the 
Master it is in contact with (either open or short circuit). In both these cases, the series inductance 
of the broadband transformer presents an AC "open circuit" condition to a Master trying to access 
the engaged internet node from the other port no matter if the node is reflecting open circuit or 
closed circuit to the Master in control. 

When a master moves down a line of nodes during addressing it can easily find an 'Engaged' node 
because the reflection of pulses are 'Open circuit' and so produce an In-phase reflection 
Normally, a node always responds to the first pulse seen from the master with a 'Short circuit' 
reflection which results in an Anti-phase reflection. 

Simultaneous access to a node is unlikely (there is a very short time period to for a node to flip 
over). If it happens, received quality errors by the master which looses toss will soon indicate that 
the me is engaged beyond it's last addressed node. As an option, a Master can retry the node 
until it becomes available by repeatedly sending pulses to it. Each will be reflected by an 'Open 
circuit (In-Phase) response typical of an engaged node. Only when the other Master has issued a 
node Reset (by virtue of it's line going quiet for the Reset period) will the Node be armed for re- 
addressing. As soon as it is, the node will return a correct Anti-Phase return response 
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Reflective Isolation of Internet Nodes 



A unique property of the system is that two adjacent nodes on the same cabling can be in 
commumcation with two completely separate Masters. The two systems (which would be left and 

u d / a g rams | are P r ^ted) do not interfere because all Master energy from both s test 
reflected back towards where it came from giving reflective isolation. A l5ge intemetwoTcl 
be imagined wrth many masters and nodes. Reflective isolation permits simultaneous actiXcT 
mutaple branches of the network (and two separate communication channels on one L^h of 
cable) without having to incorporate special measures. Total data rate can expand as 4 system 



SIGNAL ROUTING 

- Implements a combination "Ring" / "Star" topology as well as Internet topology (Grid) 

Z 8^ «!«■« * the number of nodes connected wimout exposing the data 
nl?^^ (relativetopu^allthe 

- Makes it easier to expand networks. 

Router / Termina tor Op eration 

detrSS £ ^ IT™ ° f ? 6 r ^ ter ms is made U P of components and blocks already 

T S DOde , 111686 W ° nt be <tacribed ^ nomer block labelled logic 

dbSuT^ m ' DOt eleCtricaI dia § ram since implementation of this logic is 

In operation the Router behaves a little bit like a Node (uses same signalling) but has no need to 
able to quickly address specific nodes in a large system and to isolate the bulk of the nodes from 
spu^ouXreflect? 16 ^ ^ ^ **** **** "** *** * attenuate or 

The router has three ports and so allows for a single Coax bus to be split into two or allows for 
three coax buses to be jomed depending on which way it is perceived. 

The basic Router can only route a signal from one port to one other - effectively connecting them 
for RF signals. One port is always 'Open circuit' when looking into it. Being a three way switch 
allows for an easy implementation but multiway routers could be envisaged. 

fa keeping with the architecture ^mentioned for the Internet node, the Router has inherent logic to 

3Tn^ y **** u y refleC ? 18 lD - PhaSe ( ° pen Circuit > to ^ Master pulse which drives at 

the port which happens to be switched out. <""v CS> m 

The router can be controlled from any one of it's three ports. 

On power-up special RF switches initially switch in proper passive terminating resistors of the 
correct characteristic impedance for all lines. (Otherwise all the lines would have been Open 

ZT?. *r ! 'OS* refleCtS back ener 8y so doesn't require the Short 

circuit to AC ground RF switches as are needed in the nodes. 
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The reason for this is to allow any Master whose addressing sequence pulses down to a unswitched 

1 ^ Sl° Uter t0 * to diStin8uish Ae of this available router from Z rZo^e of 

^ » Short^ucui, reflection for the first bit they receive (fouoSgT 
^et) whereas the absorption of a Master wave will give a Wresponse' which the masTcln 
identify as coming from an available switcher. 

The Router is switched by the first valid Master wave pulse which it receives from any of the three 
ports. A 1 wave pulse flips the router to the left hand port (as viewed from where the i selection 

[A^cSLr 001 ^ 1 ' A ^ r ° Ute ^ * C P ° rt 10 paA 

haS ^ been .^ hed ' its cannot be changed until a Reset condition (long line 

^TZTZ n Z* CSCn ^ n ,° deS) " d£teCted on * e Port ungated the swLung 

The third port becomes 'Open circuit' to act as an -Engaged' signal to any Master node trying^ 
change over the router from that port (same as Internet node notes). ^ § 

It can be seen that all the nodes on the non-selected line of the router have no signal and this will 
s*>n be interpreted as die 'Reset' condition which primes them ready for a later aSessinT^ 

fheot^eZ T ' °" th0t r ° Ute ^ ° re hein * ^moated liifrorn 

the other direction by an active Master [see notes on Reflective isolation principle]. ) 

^Ll^Tu ^ " deteCt6d fr ° m 40 P ° rt set P a£h of the router, all the inputs are 

f ^f', C distance (absorb, i.e. non reflect) and the router is 

avadable for control by the first Master pulse to arrive on one of the three ports. 

Termination feature 

Another feature to build into the Router logic would allow for the use of the Router to make the 
Characteristic : impedance tennination persist for a particular port to furnish a convenient 
termination when using the Broadcast feature (Broadcast feature requires that no multiply 
addressed nodes reflect anything which means the end of the line must be a Characteristic 
Impedance termination). 

~™ £ ?*V?Z meth< ? ° f roUter d ! reCtion se,ection ^ ■* supplemented with logic which detects 
when the Master sends a routmg direction pulse wave is followed by a strobe. Normally the 

£S5 '^t * I L^ a t0Ute J docBrt need a ^ - ^ master generates 

tiijjpulse for the first node on the switched-to port immediately following the route selection 

-The unique sequence is easy to generate and when decoded it lets the router hold the 

teTmi T ion im P edan <* for the input port. The router ignores the route selection just 
specified. Logic can be present to still allow for the other two ports to be switched together by a 
master operating on either one of those ports. The 'engaged' signal would only be returned should 
an attempt be made to route onto the port which has the persistent Characteristic termination 
- Reset condition detected from the characteristically terminated port can clear all the engaged logic 
and return port to normal operation. B 

DC power (or low frequency AC) can be conveniently added to the network at the Router junctions 
to maintain a good low resistance supply of power to the nodes and computers attached. 
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Self Determination ^Network tnp nlooy 

stream. The reflected signals from each node^dK^ 030 happen 38 a contlnuous 
properly. Engaged kteSncTS* S££5 j£ T addn! ~ d 

- When a wave reaches a router switch, th Tsteteof £ i2" Z ""^J** 38 outlined above, 
will switch. If the router has aSvt^ ™t detemunes whi <* direction the router 
Circuit 'Anti-Phase' puS ^ S^'I ^ by ^ j"**- » Open- 
than a node it absorb ^^^1^ ^TTl * 35 a Router ^ 
the No-reflect signal (tod glp ^ when^Sf ^^S"^ ™" ™ pedance to P'°duce 
specified in the sS of the Wave wh.ch l T ^U?*^ ^ ore switchin 8 to the direction 

- Master later sSe SS nT J * to ^ *"» that path, 
and knows wbch wa^ ^tfo " " * ^ d SO ^ there was a router 

- Ultimately the master reaches the end of the "All 'i »c» rwu *u i. 

condition uuipur waves absorbed and so recedes a constant Gap 

PARALLEL PROCESSING SUPERCOMPUTER ARCHITECTURE 



Conventoonal Data Bus topologies (e.g. PCI bus, VME bus, NuBus) only allow one bus owner to 
control the bus at any one time. Total bus bandwidth is fixed and does not grow as more 
penpherals (Wide nodes using new terminology) are added. The proposed system of reflective 
Isolation between adjacent sections of bus combined with 'engaged 1 signalling lets every section of 
a bus be split and operated point to point at the foil data rate. Cards which interchange large 
amounts of data with each other can be located adjacent in the bus. A single -Master 1 program is 
stall able to communicate with the cards individually if periodic 'idle' slots are inserted. 

Standard computer Bus topologies are unable to extend more than a couple of feet in length due to 
transmission line and reflection effects. The invention here has no such limitations. 

Signal Routers can be extended to 'n' bits also 



SYSTEM WITH REFLECTION ELIMINATION (1/2 Duplex) 

- Useful mode of operation for fetching large amounts of data from a distant source at high speed 

- Rejects all spurious reflections from cable 

- SEE LATER 

DEVICE FABRICATION 

" S JS ^ k ^ hn °! Qgy (ultra Wgh speed) ' ECL P rocess technology (very speed) BiCMOS (High 
speed) CMOS (moderate speed). 

HIGH SPEED VERSION WITH GaAs OPTO-ELECTRONICS FIGl 1 

- The NPN reflective switch would be good to about 500Mhz using conventional silicon 
technology. 

- PIN diodes are an alternative RF switch used into the microwave frequencies. Unfortunately 
electrically controlled PIN diodes would inject large signals into the coax bus when they were 
turned on or off. Therefore would propose to 

- could use Gallium Arsenide MMIC (monolithic microwave IC) and fabricate the switches as 
optically driven PIN diodes using a integrated laser on the substrate (GaAs devices allow 
integration of Optoelectronic components and electronic components on same monoUthic device) 

- with on/off times of 0. InS, system could operate at > lGbps. 

Might be possible to make an all optical system on fibre optic based on Kerr Cell. 



TDR (Time Domain Reflectrometry) 

- The invention uses and detects pulse reflections on the cable as part of the signalling process 
-The receiver circuitry at the Master end can be supplemented with a high resolution timer running 

"li^f clock generator plus an adjustable (DAC controlled) receive threshold settings This 
would form the basis of a Time Domain Reflectrometry system where the exact round-trip pulse 
echo time and amplitude can be monitored from Master back to master again 

- With programmable receive thresholds the Master could lower the thresholds and detect low-level 
reflections from cables, connector damage etc. This facilitates exact location of a fault in a line 
since any deviation from nominal impedance (higher or lower impedance) caused by a short circuit 



PLUG-AND-PLAY 

-A router can be added at any point to expand the system wing addressing. 



"WIDE" SYSTEMS 



At 300Mbps, a 32 bit system could achieve a throughput of 1 2 Giea bvte« ™>r 
reasonable distance with low radio frequency mterfeTeS^I P 



over a 



TRANSMISSION LINE (typ COAX) MEMORY DFVinr • . x, . 

system - SEE FIG16, FIG17 Y DEVICE - simple reflection rejection 

££35? herC SimpIy 31,(1 ^ 6,iminateS *» P roblem «* keeps the nodes as simple 

- Example of a 200Mbps system using 3x 1.66nS periods 

- Use submissions of this operating frequency down to 1/16 the operating frequency or 12.5Mbps. 




Reflection data is extracted with a differential amplifier as per telephone. ( Hybrid equivalent 

- TTuss^al includes all the rogue reflections of the output clock signal as occur from co^T 
imperfections, connector VSWR, node stray capacitance etc 

ismml° f ^ ^rf^T^ ^ ^ 1,16 Coax memo ^ which f or 08x light speed coax 
is lOmeters long and shorted at the other end F 

n'sM^loTrt^ 01 ? 1 e S, fcrc ? "* re§Ular Waveform P ut the end of it a multiple of 
l z.SMhz to be reflected and nulled at the entry to the coax line 

iJ, 2 £?J? ^ T 131 ° f T Wa L V£Shape m ^ 25Mhz has two full waveforms etc., 200Mhz 
has 16 full waveforms in the cable 

- The coax input node is zero volts for any arbitrary regular waveform at 12.5Mhz and multiples 
thereof. Also rejects non-perfect CMRR of the receive amplifier. 

Hn,^ frequency wuld be voltage controlled set by the actual response of the Coax memory 
hne (Self tunmg)> The RMS voltage (rectified power monitor) of the receive signal can be a 

wfiF Var irt T" t0 ** MaSt6r eoatnBer - When * e is exactly right do get 

100 /o cancellation of input waveform. Can periodically route the Master output waveform 
directly into the coax memory for a tune-in period Frequency can then be adjusted using a DAC 
driving a vancap oscillator until get the minimum reflected power measured at the coax entry - 
system self tunes to suit the coax memory 

-Coax shouW be low loss type. Any return loss in the coax will leave residual signal on the node 
Cheap coax (£0.50p /m Satellite TV 8mm dia) has about 2dB round trip attenuation @400Mhz 
(which is the fundamental for 4 segment signal). This is about 20% (i.e. it will attenuate the 
highest F reflections by 5: 1, much better for lower F reflections). 

-Could be replaced with a solid state CCD analogue memory, but in network applications an 
extra lm to 10m of cable (depending on minimum data rate) would not be noticed amongst several 
hundred meters of cable. 

- Good substitute for Coax in this memory application is Microstrip transmission line with 
capacitive stub branches to slow down the effective velocity. - this would be especially useful in 
PCB backplane applications. 

Mode of operation:- 

- With example of 10m of 80% speed^of-tight cable, there is a 20m round trip time Voltage 
waveforms travel down the coax and travel back, inverted in voltage but same magnitude towards 
the transmitting end. 

- Considering the example of the leading +Ve edge of a regular square waveform, it will travel 
down and return as a pulse of opposite polarity in transit time (round trip time) of 80nS For a 
repetitive waveshape of period 80nS, the next rising edge appearing on the output of the coax drive 
amplifier corresponds exactly to the time when the previous +Ve edge reappears as a -Ve edge at 
the entrance to the coax (having been reflected right down the coax and back). The input and 
reflected voltages cancel because the series drive resistance into the coax matches the wave 
impedance of the reflected wave (assume output impedance of transistor is zero). This cancellation 
persists for the entire time of the +Ve period of the square wave. Similarly, when the -Ve portion of 
the driving square wave presents itself to the series resistor, there will be the reflected (and so +Ve) 
waveform of the earlier pulse. Again, cancellation occurs. Cancellation applies to any arbitrary 
waveform which is repetitive within a time period integer divisible with no remainder into the 
round-trip time in the coax. 

- When fetching data from a Node, master has to work in half duplex mode. It still sends output 
pulses to clock the remote node but these pulses are of constant binary wave values (either a 





constant stream of T waves or '0' waves). These pulses are therefore repetitive within the round 
trip time of the coax memory and so reflections from these output pulses however caused and 
wherever generated on the Network routes are cancelled no matter what the phase relationships of 
the individual sources of spurious reflection and how these waves combine. 

[ Assuming the master has primed the Network cable with sufficient clock pulses that the energy 
has propagated the full path and spurious reflections pattern is fully established and detected and 
the coax memory is primed and is cancelling this received waveform], the Node begins to output 
data in the Previously described manner of Short Circuit or Open Circuit reflections. 

- This energy propagates back to the Master receiver and on to the Coax memory drive amplifier. 
Initially the coax memory produces cancelling or additive effect this desired signal since what is 
streaming back out of the coax memory entry point is the energy which is cancelling only the 
repetitive unwanted signal. A very clean reproduction of the desired signal is produced with the 
repetitive rubbish removed. This first pulse goes through to the three-level detection circuit and 
Pulse quality checker to make a normal data pulse reception as per normal. 

- What happens to the next pulses is different to processing without the coax memory because the 
first pulse has now been entered into the coax and will at some time reappear back again reflected 
and inverted. 

- Imagine that the coax memory has a round-trip storage time of 16 data pulse cycles (e.g. running 
at maximum speed) then 16 pulses can enter the coax line before any effect is seen at the entrance 
of the coax from the first pulse. The first 16 pulses are therefore recovered correctly by the 
normal logic. 

- Subsequently the 17th pulse becomes added to the reflected inverted version of the 1st pulse 
which now appears out of the coax memory at the time when the 17th pulse is coming in. Because 
the coax round-trip time is an exact multiple of the pulse periods, the waveforms are added in-sync. 
The diagrams show the results of cancellation. [FIG 

- All three possible final states are detected by the level detection logic. Also since the 1st pulse 
was received normally (addition-free) then digital logic can determine what the 17th pulse state 
must have actually been to produce the end result state picked up at the 17th bit time. By always 
maintaining a digital record of the previous 16 states, the true state data can be established for each 
pulse as it comes in so producing a normal, proper binary bit stream for the Master. 

- Half duplex fetching operation alternating with broadcast transmission allows for Video 
confrencing where one frame of video data can be gathered then sent to many different locations on 
the network. 

DIGITAL MEMORY COMPENSATION + ADC 

- With TDR included, system can know the distance (in terms of electrical length) to all nodes. It is 
possible, after determining the spurious response of all nodes at all frequencies together with the 
electrical length information (phase information) to digitally predict what the spurious reflection 
pattern would be to any set of output data produced by the master controller. 

Using a very high speed ADC convenor to receive the reflection signals, the predicted reflection 
pattern can be subtracted (in software) from the actual (contaminated) return signal codes leaving 
only the reflection response from the node to communicate with. 

An alternative would be to use a high speed DAC and use it's output to subtract (using analogue 
summer amplifier ) from the received signal to leave the desired signal. 

This system would be very difficult to implement in current technology but could in the future 
allow for full duplex communication with remote nodes at high speeds on existing cabling. 
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